Clinically significant anxiety symptoms are prevalent among the elderly, yet knowledge about the longitudinal course of anxiety symptoms in later life remains scarce. The goals of this study were to (1) characterize age trajectories of state anxiety symptoms in the second half of life, and (2) estimate genetic and environmental contributions to individual differences in the age trajectory of state anxiety. This study was based on data from 1,482 participants in the Swedish Adoption/Twin Study of Aging who were aged 50 and older at their first occasion (512 complete twin pairs, 458 singletons) and had up to six measurement occasions spanning 11 years. Consistent with lifespan developmental theories of age-related emotional change, anxiety symptom levels declined during the transition from midlife to the mid −60s, followed by a mild increase that gradually plateaued in the 80s. There were substantial individual differences in the age trajectory of anxiety. After accounting for effects of sex, cohort, mode of testing and proximity to death, this longitudinal variation was partitioned into biometric sources. Nonshared environmental variance was highest in the late 60s and declined thereafter, whereas genetic variance increased at an accelerated pace from approximately age 60 onward. There was no evidence for effects of rearing or other shared environment on anxiety symptoms in later life. These findings highlight how the etiology of anxiety symptoms changes from midlife to old age.
anxiety symptoms as a dimensional measure is consistent with current thinking about psychopathology, including the recognition that subclinical anxiety is consequential (e.g., Grenier et al., 2011) . Another understudied area is whether individual differences in anxiety become more or less prominent with age, and whether genetic and environmental contributions to such individual differences change with age -the latter would suggest potentially different etiological mechanisms underlying anxiety manifestation over age and has treatment implications. For example, a greater role of genetic contributions to individual differences in anxiety with age would motivate molecular genetic inquiry to identify potential targets for intervention. The first goal of this study was to characterize the trajectory of anxiety from age 50 onward. The second goal was to examine biometric sources of individual differences underlying anxiety trajectory in later life.
Theoretical Models of Aging and Anxiety
Based on several key theories on age-related emotional change, we hypothesized that state anxiety would decline from midlife to old age (50s into late 60s / early 70s), followed by an increase in later years. The Socioemotional Selectivity Theory (SST; Carstensen, 1993; Carstensen & Mikels, 2005) , Strength and Vulnerability Integration model of emotional well-being across adulthood (SAVI; Charles, 2001) , and Selective Optimization with Compensation theory (SOC; Baltes, 1997; Baltes & Smith, 2003) converge in their predictions that emotional well-being improves in later life. SST postulates that a motivational shift from information acquisition to emotional gratification toward the end of life is accompanied by changes in information processing style and problem-solving strategies that facilitate emotion regulation (e.g., Blanchard-Fields, 2007; Scheibe & Carstensen, 2010) . SAVI builds on SST and highlights accrued self-knowledge and social experiences as age-related strengths that enhance emotional well-being. SOC proposes that emotional intelligence peaks and individuals become more skilled at adapting to and reconstructing losses as they transition from midlife to old age. Given age-related gains in social competence, problem-solving, and emotion regulation in the context of relatively intact cognition and physical health, we hypothesized that individuals would experience anxiety less frequently and intensely (i.e., a decrease in state anxiety) from midlife to old age.
SAVI and SOC also led us to hypothesize a subsequent increase in state anxiety during the transition into advanced old age, or Baltes' "fourth age" (i.e., from the 70s into the 80s and 90s). SAVI identifies numerous vulnerabilities that become more salient with age and cannot be compensated by age-related strengths. These include greater physiological rigidity that prevents prompt recovery from emotional arousal, loss of social belongingness, chronic and uncontrollable stressors such as caregiving, and neurological dysfunction leading to cognitive impairment. Similarly, SOC holds that cultural forces (e.g., medical advances) become less efficacious in counteracting cognitive and biological declines in advanced old age, leaving individuals with diminishing control over their emotional well-being.
Empirical Research on Aging and Anxiety State vs. Trait Anxiety
Anxiety is represented by both state-and trait-like constructs in the literature. State anxiety is typically defined as short-term, unpleasant feelings of tension, fear, nervousness, worry, and autonomic arousal (e.g., Beck & Steer, 1990; Spielberger, 1983; Zigmund & Snaith, 1983) , with time frames generally ranging from "at the moment" to weeks. Trait anxiety is typically operationalized as liability to anxiety disorders and related behaviors, and may be indexed by higher-order personality traits that feature a prominent anxiety component, such as neuroticism (Costa & McCrae, 1995) or harm avoidance (Cloninger, 1987) .
Although state anxiety is by definition transient, emotion states assessed by state measures appear to reflect more stable, "temperament-like" attributes. For example, the state and trait anxiety subscales of the State-Trait Anxiety Inventory (STAI-Y; Spielberger, 1983) correlate about 0.7 in adult samples (Kabacoff, Segal, Hersen, & Van Hasselt, 1997; Grös, Antony, Simms, & McCabe, 2007; Willis, Dodd, & Palermo, 2013) . Items on the STAI state anxiety subscale were designed to measure emotions that are higher in stressful situations and lower in relaxing situations. However, a meta-analysis reported an average test-retest reliability of 0.70 (compared to 0.88 for the trait subscale; Barnes, Harp, and Jung, 2002) . Assessing state anxiety longitudinally is akin to taking a series of snapshots of one's emotional states over intervals of months or years. A multitude of transient factors can affect emotion state at any given moment, creating significant occasion-specific "noise" that obscures systematic change over time. Nonetheless, empirical evidence suggests a high degree of stability across the snapshots. Thus, systematic change in state anxiety should serve as a sensitive indicator of age changes in emotional well-being, especially when occasion-specific "noise" (i.e., transient influences and random error) can be partialed out statistically.
Age-Related Change in Anxiety
Few studies have examined change in state anxiety over age, with preliminary evidence suggesting an age-related decline in anxiety. Mirowsky and Scheiman (2008) conducted the only longitudinal study to date on the age trajectory of state anxiety. Based on data collected from three occasions across six years, they reported that frequency of experiencing anxiety in the past week decreased with age, with slower rates of decline in older ages, and no cohort effect on the trajectory (Mirowsky & Schieman, 2008) . A similar age trend was reported cross-sectionally, with older women but not older men showing lower levels of recent anxiety symptoms than younger adults (Henderson et al., 1998) . The prevalence of state anxiety symptoms was highly stable over time in two epidemiologic studies of older adults (de Beurs, Beekman, Deeg, Van Dyck, & Van Tilburg, 2000; Heikkinen & Kauppinen, 2011) .
For trait anxiety, a cross-sectional study found that STAI-trait anxiety followed a cubic shape over age, such that it increased with age among younger adults and peaked in middleadulthood, followed by a decline into the 70s, and rose again in older ages (Teachman et al., 2006) . As noted, neuroticism is a personality trait theorized to underlie anxiety disorders (Khan, Jacobson, Gardner, Prescott, & Kendler, 2005; Malouff, Thorsteinsson, & Schutte, 2005) and therefore considered an index of trait anxiety. Longitudinal evidence from three large studies suggests a U-shaped age trajectory with nadirs occurring in the 70s or early 80s (Mroczek & Spiro, 2003; Steunenberg, Twisk, Beekman, Deeg, & Kerkhof, 2005; Terracciano, McCrae, Brant, & Costa, 2005) , which is consistent with the cross-sectional findings by Teachman (2006) . Cohort differences were reported in two of these studies (Mroczek and Spiro, 2003; Terracciano et al., 2005) , which included lower levels of neuroticism in later-born cohorts.
Individual Differences in Anxiety
Research on age-related change in anxiety constructs has focused on characterizing the average trajectory and paid less attention to the extent of individual differences in trajectories. Intercept variance of a trajectory represents individual differences in initial level; slope variance represents individual differences in systematic (i.e., predictable) change over age; and residual variance represents occasion-specific (i.e., within-person) variance not captured by the overall trajectory and includes measurement error. Because aging is associated with tremendous heterogeneity (Baltes & Baltes, 1990) , we hypothesized that there would be greater variance in state anxiety as people age.
Biometric Contributions to Individual Differences in Anxiety over Age
One way to better understand the etiology of anxiety is by examining the extent to which genetic and environmental factors contribute to individual differences in anxiety. Twin studies are based on the premise that higher similarity for twins in monozygotic (MZ) pairs than dizygotic (DZ) pairs suggests genetic contribution to a phenotype, and equal similarity implies common environmental contribution. Twin studies have demonstrated that both genetic influences and environmental factors unique to each person (i.e., nonshared environment) underlie individual differences in anxiety states (Jardine, Martin, & Henderson, 1984) and liability to anxiety disorders (Hettema, Neale, and Kendler, 2001 ). For example, in a study of 3810 twin pairs aged 18-88 in the Australian National Health and Medical Research Council Twin Register, variance in past-month anxiety symptoms as measured by the Delusions Symptoms Signs Inventory -Anxiety scale (DSSI/sA; Bedford, Foulds, & Sheffield, 1976 ) was attributable to genetic (37%) and nonshared environmental factors (63%), with no contribution from environmental factors shared among family members (Jardine et al., 1984) . Across studies, sex differences in genetic and environmental contributions were either nonsignificant or very small (Hettema et al., 2001) .
While cross-sectional twin studies have provided consistent estimates of the heritability (i.e., proportion of anxiety variance attributable to genetic effects) of state anxiety, whether genetic influences on individual differences in state anxiety become more or less prominent with age remain largely unknown. A common but erroneous assumption of genetic effects on phenotypes is that they are stable over time because genes are inherited and genetic sequence remains the same over time. However, genetic effects can increase or decrease over age as a function of gene expression associated with developmental timing or environmental circumstances (Bergen, Gardner, & Kendler, 2007) . The limited research to date suggests significant stability in genetic influences and considerably less consistency in nonshared environmental contributions to state anxiety variation over time (Gillespie et al., 2004; Rijsdijk et al., 2003) . Transitory environmental factors accounted for a greater proportion of total state anxiety variation than more enduring environmental factors (Gillespie et al., 2004) . However, neither study offered more than limited information on changes in genetic contribution to individual differences in anxiety in older ages. Given the association between later-life anxiety and many genetically-influenced processes, including late-onset diseases (van Dongen, Slagboom, Draisma, Martin, & Boomsma, 2012) , we hypothesized that genetic influence on individual differences in state anxiety trajectory would increase with age. We also expected an increase in nonshared environmental influence, which would reflect the cumulative influences of enduring environmental factors (e.g., social support) on state anxiety.
The Present Study
The present study draws from a population-based twin sample assessed at six occasions over 11 years. The first goal was to characterize the trajectory of state anxiety change in later life while considering the effects of birth cohort and sex. We hypothesized that state anxiety would decrease from midlife to old age, followed by a subsequent increase in the later years. We expected substantial individual differences in anxiety trajectories, especially in older ages. Extending current knowledge on the heritability of anxiety, our second goal was to evaluate age-related change in the genetic and environmental contributions to state anxiety variation, testing the hypothesis of an age-related increase in state anxiety variation attributable to both genetic and nonshared environmental sources.
METHODS

Participants and Study Design
The Swedish Adoption/Twin Study of Aging (SATSA) comprises a subset of twins from the population-based Swedish Twin Registry (Lichtenstein, Floderus, Svartengren, Svedberg, & Pedersen, 2002) . In 1984, same-sex twin pairs who had previously indicated they had been separated from their cotwin before age 11 and reared apart, and a sample of reared-together twins matched on age, sex, and country of birth were recruited into SATSA (Finkel & Pedersen, 2004; Pedersen, McClearn, Plomin, Nesselroade, Berg, & DeFaire, 1991) . Data were collected at 3-year intervals. Each data collection wave included a mail questionnaire (Q) and an in-person testing (IPT) component. Because of the varying time gap between Q and IPT within a data collection wave, most questionnaires administered as part of the Qs were mailed to participants again a week before IPTs and collected during IPTs. Only twin pairs who both had responded to the first questionnaire wave (Q1) and were aged 50 or older at a given wave were invited to participate in IPTs. Therefore, sample sizes were smaller for IPTs than Qs. The current study used data from assessments wherein anxiety was measured, including: Q1 (in 1984), Q2 (1987 Q2 ( ), IPT2 (1989 , Q3 (1990 Q3 ( ), IPT3 (1992 Q3 ( -94), and Q4 (1993 . Because anxiety was not measured again in SATSA until IPT9 and Q7 (both in 2010), we restricted our analyses to the relatively contiguous observations collected between 1984 and 1994. This is the first study using SATSA data to examine the genetic and environmental contributions to state anxiety. Previous publications based on SATSA have examined the cross-lagged association between anxiety and depression (Wetherell, Gatz,& Pedersen, 2001) , and the cross-sectional association between state anxiety and cognitive performance during in-person testing (Wetherell, Reynolds, Gatz, & Pedersen, 2002 ).
Because we were interested in examining anxiety trajectory in later life, only individuals aged 50+ at their first occasion were included. Of 1,571 eligible individuals, 89 were excluded for not having any anxiety data, yielding 1,482 individuals that formed the sample for the phenotypic analysis. Because zygosity was unknown for 72 individuals, biometric analysis was limited to a subset of 1,410 individuals. Of this overall analytic sample, 20.9% had data for all six occasions, 6.9% had data for five occasions, 23.4% had data for four occasions, 14.0% had data for three occasions, 14.2% had data for two occasions, and 20.9% had data for one occasion. The sample was 60.1% female, born between 1891-1942, and on average 65.9 years old (SD = 8.6; range = 50-96) at the first occasion. It included 512 complete twin pairs and 458 singletons. By design, approximately half (n = 725, 48.9%) of the sample were from reared-apart pairs. Table 1 shows the breakdown of the sample by zygosity, rearing status, and pair status. Table 2 shows the mean age and sex composition of the sample by occasion. A description of participant flow across occasions is provided in Supplemental Table 1 .
Measures
State Anxiety-State anxiety symptoms were measured at each occasion using the 10-item State Anxiety subscale of the State-Trait Personality Inventory (STPI; Spielberger, 1979) . The measure was translated into Swedish by a bilingual translator, then backtranslated into English by another translator. Discrepancies were resolved and corrected to ensure accurate representation of the original measure by the Swedish version. Items assessed how participants felt at the moment and were worded in both positive (e.g., "I feel calm") and negative (e.g., "I feel tense") directions. Responses ranged from 1=does not fit at all to 5=fits exactly. Item-level missingness was handled with mean substitution if a participant had no more than one missing item (<6% of participants at each wave). The total score was considered missing if two or more items were missing. Two observations were considered invalid and excluded because the participant answered all 1's or 5's to every item. After reverse-coding the positively-worded items, item scores were summed to yield a total score (ANX) that ranges from 10 to 50, with higher scores reflecting higher anxiety. In the present sample, the STPI showed good internal consistency in the present sample (Cronbach's α ≥.91 for all occasions) and a moderate to high degree of temporal stability, with correlations across occasions between .38 and .68 (Table 2) .
Covariates-Covariates included sex, mode of testing, birth year, age, imminent death, and non-death related drop-out. Sex was coded as 1=female and 0=male. Mode of testing was coded as 1=IPT and 0=Q to adjust for potential differences in ANX due to different entry criteria and procedures for IPT and Q.
Birth year was included to adjust for birth cohort differences in ANX intercept and slope. Age was a time-varying covariate to examine ANX change over age. Both terms were needed to separate within-person age change from between-person age differences in ANX trajectory, as these effects are confounded when only age or birth year is included (Hoffman, 2012; Sliwinski, Hoffman, & Hofer, 2010) .
Two time-varying covariates were used to adjust for the potential impact of attrition on anxiety trajectory. Imminent death represented circumstances surrounding the very end of life, such as severe illness or disability, which may be linked to higher anxiety (Neimeyer, Wittkowski, & Moser, 2004) . It was coded as 1 if a participant died within two years following a measurement occasion and 0 otherwise. Drop-out represented other circumstances leading up to non-participation and potentially related to anxiety. For a given occasion, it was coded as 1 if a participant was known to be alive at the subsequent occasion but did not participate and 0 otherwise.
Baseline physical health status was included as a covariate in post-hoc analysis. It is based on answers to 51 health items at Q1, which ask whether a person has, or ever had, particular health problems or diagnoses. Most of the items are from the OARS health battery (Duke University, 1978) . Following prior work in SATSA (Harris, Pedersen, McClearn, Plomin, & Nesselroade, 1992) , the 51 items were coded into a count variable that represents the number of organ systems affected by at least one health problem or a cancer diagnosis (range: 0-13).
Zygosity determination-Twin pairs were initially classified as MZ or DZ based on information from the Swedish Twin Registry and supplemented with Q1 questionnaire items regarding physical resemblance of twins in a pair. Zygosity was subsequently updated with blood and DNA samples, which validated 92% of the original classifications.
Analytic Strategy
Phenotypic models of longitudinal anxiety symptoms-ANX change over age was characterized using a series of mixed-effects multilevel models (Raudenbush & Bryk, 2002; Singer & Willett, 2003) , which can accommodate nested data. Our dataset included 3 levels of nesting: ooccasion-specific data (Level 1) from individuals (Level 2) who are members of twin pairs (Level 3). We modeled ANX variation as a combination of fixed and random effects at each level. Fixed effects are regression weights applied to measured variables. Level 1 fixed effects operate at the occasion level and included mode of testing, imminent death, drop-out, and polynomial age terms (age, age 2 , age 3 ). We did not examine any Level 2 fixed effects. Level 3 fixed effects included sex and birth year (centered at 1920). Variation in ANX that was not predictable from the fixed effects was partitioned into random variance at each level. Level 3 random variation reflects deviation of pair trajectories from the sample mean trajectory, Level 2 random variation reflects deviation of individual trajectories from the pair's estimated trajectory. The remaining, Level 1 random variation is due to a combination of measurement error and occasion-specific unmeasured sources.
Models were built sequentially, beginning with an unconditional model to examine the amount of within-person, between-person, and between-pair variation in ANX across observations. Next, main effects of covariates were entered to adjust for their influence on ANX level. Because mortality rates were higher in men and drop-out rates were higher among women (Supplemental Table 1 ), we created two interaction terms (sex × imminent death, gender × drop-out) to evaluate sex differences in the impact of attrition on ANX level. Fixed and random effects of linear, quadratic, and cubic age were sequentially added to quantify mean ANX change over age and the amount of between-person variation in such change. Finally, we created fixed effect interaction terms to explore whether age-related ANX change was modified by sex, mode of testing, birth year, imminent death and dropout. Age was centered at 67 (sample mean age at participants' first observation) and birth year was centered at 1920.
Data analysis was conducted with SAS PROC MIXED (SAS Institute Inc., 2012) using full maximum likelihood estimation. Nested models were evaluated with likelihood ratio tests (Δ −2LL /Δ parameters). Fixed effects were also assessed by the statistical significance of the regression coefficient. Non-nested models were compared using the Akaike Information Criterion (AIC; Akaike, 1974) and the Bayesian Information Criterion (BIC; Schwarz, 1978) , for which smaller values indicate better fit. Explained variance was calculated based on the reduction of unexplained variance after adding predictors (Singer & Willet, 2003) .
Biometric Decomposition of Anxiety Variance-Twin correlations were examined first. Based on the results (described later), ANX variance was partitioned into five sources in biometric analyses: (1) additive genetic effects (A) are genetic allelic effects that combine additively; (2) dominant genetic effects (D) are allelic effects that combine non-additively; (3) rearing environment effects (S) result in shared variance between cotwins reared in the same environment; (4) correlated environment effects (C) refer to experiences shared by cotwins that are unrelated to rearing status (e.g., in-utero environments, adult contact with cotwin); and 5) nonshared environmental effects (E) are unique to one twin in a pair.
The first task of our longitudinal, biometric analyses was to estimate genetic and environmental contributions to individual differences in ANX trajectories over age. The second task was to evaluate biometric sources of occasion-specific ANX variance, that is, fluctuation of each person's ANX score about his/her estimated trajectory. McArdle and Prescott (2005) first demonstrated that the phenotypic mixed-effects multilevel models described earlier can be re-parameterized to partition variance due to A, C, and E effects. Extending this method, we parameterized variance in anxiety intercept and slope as orthogonal components and partitioned them into uncorrelated A, C, E, D and S subcomponents. We assigned weights to each biometric subcomponent according to expectations of shared variance between cotwins given their zygosity and rearing status (Supplementary Table 2 ). Models were estimated with SAS PROC MIXED using TYPE=TOEP(1) (for A, D and S) and TYPE=VC (for C and E). We partitioned occasionspecific ANX variance into biometric sources in a similar manner. Whereas the E component of ANX trajectory does not contain random error, occasion-specific E is a combination of error and occasion-specific environmental variance. For each model, we calculated the intercept and slope variances due to each biometric component. Negative variance estimates suggest a poorly identified solution. In these cases, the negative parameters were sequentially set to zero, starting with the smallest parameter and checking for no significant deterioration in model fit, until non-zero estimates were obtained. Models were compared using the procedures described earlier.
RESULTS
Descriptive statistics are shown in Table 2 . The moderate to high correlations of ANX across study intervals provide support for examining systematic change over time. As expected, correlations were lower across longer intervals. Women reported higher ANX than men across all occasions, but the correlations over time were comparable between sexes. Among 503 individuals who participated in at least one IPT occasion, ANX was slightly lower during IPT (M=17.72, SD=6.69) than questionnaire occasions (M=18. 34, SD=6.09; t=2.99, df=502, p=.003) .
Phenotypic Models of Anxiety Change over Age
In the Baseline model (not shown), we estimated how much variation in ANX was attributable to each of the three levels of nesting in our design: within-person, occasionspecific fluctuation (40.8%); variation between members of a pair (i.e., between-person, 38.2%); and across twin pairs (21.0%). Next, we estimated a Covariates-Only model, including main effects of sex, birth year, mode of testing, imminent death and drop-out. Significant effects included higher ANX for: women than men, earlier-born than more recently-born individuals, and when assessed in questionnaire than IPT occasions. There were no main effects for imminent death or drop-out; however, the imminent death × sex interaction was significant: among individuals who died within two years after an assessment occasion, women had higher ANX than men. Compared to the baseline model, including sex, birth year, mode of testing, imminent death, and sex × imminent death improved the model fit substantially (Δ−2LL=−51.7 /+5 parameters; Table 3 , model a), and these covariates were retained in all subsequent models
Results from models of linear, quadratic, and cubic age change in ANX are presented in Table 3 , columns b-d. The predicted age slope of ANX in the linear model was not significantly different from zero, but including the random effect of linear age improved the model fit, indicating notable individual differences in the linear age slope of ANX (Δ−2LL= −14.4 /+3 parameters; model b). Compared to the random linear model (b), model fit was improved by adding the fixed effect (Δ−2LL=−9.2 /+1 parameter; not shown) and random effects of quadratic age (Δ−2LL=−49.0 /+3 parameters compared to the fixed quadratic model; model c). Adding the fixed effect of cubic age to the random quadratic model further improved model fit (Δ−2LL=−8.3 /+1 parameter; not shown). Random effects of cubic age were extremely small and not included.
Next, we evaluated a series of fixed effect interactions between the polynomial age terms (age, age 2 , age 3 ) and other covariates. Only the birth year × age interaction was significant and improved the fit of the fixed cubic model (Δ−2LL=−4.7 /+1 parameter), thus this was retained as the final phenotypic model (model d). In this model, 18.2% of the unexplained variation in ANX was attributed to between-pair differences in trajectory, 45.2% to between-person differences, and 36.6% to within-person fluctuation across measurement occasions. We calculated pseudo-R 2 (Singer & Willett, 2003) to examine the amount of explained variance in ANX across models: Compared to the Baseline model, the CovariatesOnly model explained <1% of residual variance in ANX, whereas the final model accounted for an additional 11.1%.
Based on the final model, we plotted the estimated ANX trajectories for five example birth years across age ranges corresponding to the study interval (Figure 1) . Overall, the results indicate little systematic change in ANX with age. On average, ANX declined from the 50s until the mid-60s, followed by a subsequent increase that eventually plateaued in the 80s. Cohort differences in the average ANX trajectory were also very small. For individuals born every 10 years later than 1920, ANX at the intercept of age 67 was estimated to be 0.5 points lower (−0.5*10) and the linear rate of ANX increase at age 67 was 0.1 higher (0.01*10). Importantly, this average trajectory does not represent each person's unique trajectory. There were substantial individual differences in the intercept, and to a smaller extent, the slopes. For example, the estimated 95% confidence interval for a person's ANX intercept was broad, 7.35 to 27.83 (i.e., 17.59 ± 1.96*√27.27).
Longitudinal Biometric Analyses
Twin correlations of state anxiety are presented in Table 4 . MZ twin correlations were generally twice the magnitude of DZ twin correlations or higher, consistent with A and D effects and providing little evidence for C effects. Correlations tended to be higher between reared-together twins than reared-apart twins, suggesting possible similarity due to S effects.
We based the fixed effects portion of the longitudinal biometric model on the best-fitting phenotypic model (Table 3 , model d), and estimated biometric contributions to variation in ANX trajectory over age. Table 5 displays the fit indices for models representing different biometric contributions to variation in ANX trajectory. In the E-Only model shown under Table 5 (a), individual differences in anxiety trajectory are entirely attributed to individualspecific sources. The alternative AE, CE, and SE models fit the data better than the E-only model. The AE model had superior fit compared with the SE and CE models, as evidenced by its lower AIC and BIC, suggesting little to no contribution of rearing or correlated environments on systematic anxiety change over age. Compared with the AE model, the ADE and ASE models 1 had higher AIC and BIC, suggesting neither dominant genetic effects nor shared rearing explained variation in anxiety trajectory. The ACE model could not be identified without constraining all parameters representing C effects to zero, suggesting a lack of shared environmental influences.
Next, we examined the biometric sources that contributed to occasion-specific ANX variance (Table 5(b)). Based on the longitudinal AE model wherein occasion-specific variance was entirely attributed to nonshared environmental sources (i.e., an occasionspecific E-only model), neither the occasion-specific AE, CE, SE, nor ASE model resulted in better fit. The occasion-specific ADE and ACE models yielded negative parameter estimates, rejecting the effects of genetic dominance and correlated environments on anxiety fluctuation at each occasion. Thus, after adjusting for the effects of sex, mode, birth year, imminent death, sex × imminent death, and age × birth year on the mean trajectory, 1 The longitudinal ADE and ASE models contained negative random effect estimates. Following the steps described in the Analytic Strategy, the negative parameters were constrained to 0 to yield reduced ADE and ASE models and aid model identification. Consequently the reduced models were not nested in the AE model and could not be compared via chi-square difference test. The fit indices in Table 5a were calculated based on 29 parameters in each model (i.e., parameters constrained to 0 were counted as fitted parameters because they were part of the hypothesized model).
occasion-specific ANX variance was entirely attributable to nonshared environmental factors (including random error).
Based on the longitudinal AE model with E-only occasion-specific variance (see Table 6 for estimates of variance components), we calculated the contribution of genetic and environmental factors to individual differences in ANX trajectory over age. Total ANX variation was relatively stable over age, but the manner in which genetic factors and nonshared environment contributed differed with age (Figure 2) . Genetic contribution to variation in ANX trajectory increased from approximately age 60 onward and this increase became steeper in the 80s, whereas nonshared environmental variance increased from the 50s to the late 60s, but declined thereafter.
Post-hoc Analyses
Post-hoc analyses were conducted to address two potential concerns, namely, whether our findings would differ: (a) by the valence of the ANX items, and (b) adjusting for health status. Regarding the first issue, a growing body of literature suggests that emotional aging entails changes as a function of affective valence and arousal (Ross and Mirowsky, 2008; Kessler & Staudinger, 2009 ). Our state anxiety measure includes both positive and negative items, raising the concern that the overall anxiety trajectory was the sum of heterogeneous trajectories. Of note, valence and arousal are confounded in the STPI, such that positive items were low-arousal (e.g., I feel calm) and negative items were high-arousal (e.g., I feel nervous). We repeated the phenotypic analysis using the total score of the negative items as the outcome. The best-fitting trajectory for the negative STPI items closely mirrored that for the total score (i.e., ANX), except for a more pronounced increase in anxiety in age 80+ (Supplemental Figure 1) . This suggests that the ANX trajectory described earlier (Table 3d and Figure 1) was not the combination of two dissimilar trajectories based on positively-and negatively-valenced items. Relatedly, the pattern of twin correlations was similar between ANX and the total score for the negative items (Supplemental Table 3 ), suggesting little difference in their biometric variance components.
The second set of post-hoc analysis evaluated whether adjusting for physical health status would alter the findings, given that individuals with poor health are more likely to drop out. We first created residualized ANX scores by partialing an index of baseline physical health status from ANX. Next, we repeated the phenotypic analysis by using the residualized ANX scores as the outcome variable. As shown in Supplemental Figure 2 , the best-fitting model was highly similar to that for the unadjusted ANX score (i.e., Table 3d and Figure 1) , suggesting there is little incremental value in including baseline physical health status as a covariate beyond the covariates already included in the main phenotypic analysis. Additionally, the pattern of twin correlations for the unadjusted and residualized ANX scores were very similar (Supplemental Table 3 ) and suggests that adjusting for baseline physical health status is unlikely to alter the biometric findings.
DISCUSSION
This study characterized the trajectory of anxiety symptoms in later life based on repeated assessments of more than 1400 twins across 11 years. Using biometric latent curve analysis, we estimated genetic and environmental contributions to individual differences in anxiety over age. Average anxiety declined with age from the 50s to the mid-60s, followed by a subsequent increase that eventually plateaued in the 80s. Compared to earlier-born cohorts (i.e., older individuals at baseline), later-born cohorts had lower levels of anxiety in their late 60s, but their anxiety increased more steeply in older ages. Women reported higher anxiety than men. Mode effects were present, such that anxiety was lower when the questionnaire was collected by study staff than when it was returned by mail. Importantly, while the magnitude of mean anxiety change over age was small, there were substantial individual differences in the age trajectory of anxiety. A novel finding is that genetic and environmental contributions to individual differences in anxiety varied with age. Nonshared environmental variance in anxiety trajectory was highest in the late 60s and declined in older ages, whereas genetic variance became increasingly higher from approximately age 60 onward. Rearing and other experiences shared by twins did not account for individual differences in anxiety trajectory. Occasion-specific fluctuation in anxiety was entirely attributable to nonshared environmental factors and random error.
Anxiety in the Second Half of Life: Mean Trajectory and Individual Differences
Although state anxiety is by definition transient, our findings indicate that of total state anxiety variation, 60-74% reflects individual differences in trajectory (i.e., systematic differences in intercept and slopes), whereas 26-40% was occasion-specific. The proportion of systematic variance in our state anxiety measure was comparable to estimates for recent anxiety symptoms (60-73%; Gillespie et al., 2004) and neuroticism (67-72%; Mroczek & Spiro, 2003; Steunenberg et al., 2005) , suggesting that the state-trait distinction is blurrier than widely believed or intended by such measures.
The observed decrease in state anxiety during the transition from midlife into early old age conforms to predictions based on lifespan developmental theories. SST, SOC, and SAVI posit that emotion regulation improves during this time because of greater self-knowledge (Baltes & Smith, 2003) , expertise in making social inferences (Hess, Osowski, & Leclerc, 2005) , culling of less desirable relationships (Lang & Carstensen, 1994) , and mastery of problem-solving strategies (Blanchard-Fields, 2007) . Acquisition of social competence and use of emotion regulation strategies are strongly influenced by individual circumstances and life experiences, which may explain our finding of increasing nonshared environmental variance in state anxiety variation from midlife to early old age.
Our hypothesis of an increase in state anxiety from the 70s into "fourth age" was partially supported. Average anxiety scores increased slightly during the mid-60s and 70s, and plateaued in the 80s. The trend of increasing anxiety in advanced old age parallels findings an upturn in negative affect (e.g., Charles, Reynolds, & Gatz, 2001 ) and neuroticism (e.g., Mroczek & Spiro, 2003) in the 70s and 80s age range. An age-related increase in anxiety in older ages is also compatible with the position of the SOC and SAVI theories, but not the SST, that age-related strengths in emotional functioning may be overcome by other vulnerabilities as individuals enter "fourth age" (Baltes, 1997) .
While the amount of total anxiety variation remained relatively stable over age, there were age-related changes in the sources of such variation: Nonshared environmental contributions to individual differences in anxiety trajectory peaked around age 67 and then declined, while genetic contributions began to increase in the early 60s and showed an uptick in the 80s. What might explain the shift toward a diminishing role of nonshared environment in older ages? One possibility is that culling of undesirable relationships (Lang & Carstensen, 1994) , functional impairment, and mobility limitation in advanced old age render a narrower social environment with fewer environmental triggers of anxiety, thus resulting in reduced nonshared environmental contributions to individual differences in anxiety.
We propose several reasons for why genetic contributions to individual differences in anxiety trajectory may become stronger in later life. Genetic influences include factors on which identical twins of a pair are similar. To the extent that twins are concordant on lateonset conditions that bring about anxiety, it would contribute to genetic influence on anxiety in older ages. Coronary heart disease and specific types of cancer (e.g., lung, colorectal) are examples of highly heritable physical health conditions with late onset ages (Frank, 2007; Go et al., 2013; van Dongen, Slagboom, Draisma, Martin, & Boomsma, 2012) and often trigger anxiety reactions. They may represent new sources of genetic variation in anxiety in older ages. Second, age-changes in physiological stress response may be another new source of genetic variance for anxiety for people in their 70s and 80s. Aging is associated with elevated systolic blood pressure reactivity and cortisol response to psychological stressors (Otte et al., 2005; Uchino, Birmingham, & Berg, 2010) and slow recovery from sustained physiological arousal , which possibly mediate stronger and more prolonged anxiety states in old age. Twin studies have established a strong genetic component for physiological stress response (Wu, Snieder, & de Geus, 2010) . To the extent that twins of a pair are concordant on these physiological changes and the changes play a role in anxiety, they represent a new source of genetic influence in anxiety variation in old age. Third, as noted earlier, the transition from midlife to early old age is characterized by age-related strengths in emotion regulation and social competence, as well as sociocultural resources (e.g., medical, social, and technological advances) that enable effective coping with emotion distress. While these coping resources may suppress genetic propensity for anxiety in younger ages, they tend to lose efficacy in very old age while age-related losses (e.g., in health, autonomy, and social connectedness) become more prominent (Baltes & Smith, 2003) . To the extent that twins are concordant on the depletion of coping resources, which in turn give rise to greater anxiety in very old age, this will manifest as an increase in genetic variance in anxiety. While these speculations require empirical support, they are compatible with the proposition by SOC and SAVI that the role of biological vulnerabilities (e.g., genetic risk for anxiety or anxiety-linked conditions) on emotional well-being become more prominent in "fourth age."
Whereas nonshared environmental influences on anxiety trajectory reflect more enduring factors that explain between-person differences in initial status and systematic change over age, nonshared environmental influences on occasion-specific anxiety fluctuation index factors that explain a person's deviation from his/her estimated trajectory at a given time. As hypothesized, our results indicate that such deviation can be explained by environmental factors unique to each person and have short-term effects that do not alter one's overall trajectory. Examples may include physician visits or a distressing argument with someone that occurred shortly before the assessment occasion. Measurement errors are also estimated under this category.
Of individual differences in anxiety levels from age 50 onward, 42-63% were attributable to genetic and 37-57% to nonshared environmental factors. This is consistent with earlier findings for state anxiety (Jardine et al., 1984) and anxiety disorder liability (Hettema et al., 2001 ) based on cross-sectional assessments.
Several other features of our findings on the age trajectory of anxiety are worth highlighting: Our observation of higher anxiety levels among women than men is consistent with earlier findings on sex differences in state anxiety (de Beurs et al., 2000; Knight, Waal-Manning, & Spears, 1983; Mirowsky & Schieman, 2008) . Sex differences in anxiety change over age have been examined infrequently in the literature. Mirowsky and Schieman (2008) reported a sharper decrease in anxiety frequency for men than women. In our sample, however, the magnitude of sex difference in anxiety did not change over age, but as we discuss later, women were more likely to have higher anxiety shortly before death, which may partially account for the difference in findings between the two studies.
Cohort differences in anxiety level and slope were small. The finding of lower anxiety intercept among more recently born individuals is consistent with the trend observed for neuroticism reported in two large U.S. studies (Mroczek & Spiro, 2003; Terracciano et al., 2005) . However, in contrast with Mroczek and Spiro (2003) , we found that state anxiety increased more steeply among people in their 60s for later-born cohorts than earlier-born cohorts. It is unclear to what extent differences in construct, measure, and sample characteristics account for the discrepant finding. In our sample, lower anxiety levels and steeper age-related increase may suggest a larger range of emotional expression in later-born cohorts, a conjecture that warrants further investigation.
For mode of testing, anxiety was slightly higher when questionnaires were returned by mail than when they were collected by nurses who conducted in-person visits. Our observation is consistent with findings based on SATSA and another sample that participants tend to report lower levels of negative psychosocial functioning in data collection modes with greater direct contact with interviewers than modes with less direct contact (Luong, Charles, Rook, Reynolds, & Gatz, 2014) . Participants might be driven to report lower anxiety in IPTs than Qs because they were gladly expecting a visit by the study nurses, or for reasons of social desirability.
Recent studies have shown participants report a precipitous decline in life satisfaction within a five-year period prior to death (Gerstorf et al., 2008a; Gerstorf, Ram, Röcke, Lindenberger, & Smith, 2008b) . Given the frequency of our measurements occasions (≤3 years), we tested whether there was a detectable effect on anxiety scores of dying within two years following a measurement occasion. We found that anxiety was higher prior to death, but only in women. Gerstorf et al. (2008a) reported a nominal finding of lengthier and steeper terminal decline in life satisfaction for women than men in a population-based German sample, but these sex differences were not observed in a higher-functioning sample with fewer assessment occasions (Gerstorf et al., 2008b) . Whether and why imminent death is related to an anxiety increase in women warrant further evaluation.
Post-hoc analyses demonstrated that our findings regarding the age trajectories of state anxiety did not differ by the affective valence of items. While we were unable to further divide positively and negatively valenced items by arousal and examine their age trajectories, we also note that anxiety is by definition a negative emotional state marked by high arousal, thus we consider our findings to be a good representation of how anxiety changed with age in our sample.
Limitations
As with any longitudinal research, a potentially important limitation is the impact of nonrandom attrition. Our analyses relied on the missing-at-random assumption, that is, the observed data allowed us to adequately account for the missing data. To address concerns regarding the effect of non-random attrition, we evaluated proximity to death and non-death related drop-out, as well as their interactions with sex and age slopes, as potential factors influencing anxiety trajectories.
Second, this study is based on largely homogeneous group of Caucasian twins born between 1891 and 1943 in Sweden. Our findings may not generalize to individuals of other ethnic or cultural backgrounds, or later-born cohorts. However, this limitation is ameliorated by the benefits of a large scale, population-based twin sample with longitudinal follow-up, which has provided the opportunity to address knowledge gaps about age-related changes in anxiety. Our findings indicate that cohort differences in anxiety are very small, alleviating some of the concerns about the generalizability of our finding to later-born cohorts.
Third, we were unable to directly compare the anxiety scores of our sample to other (normative or clinical) samples due to measurement differences. Other studies have used a version of the STPI with a 4-point response scale (Spielberger, 1979) , but our version has a 5-point response scale.
Fourth, we were unable to account for all possible covariates. Post-hoc analyses established that differences in baseline physical health status did not account for additional variance in state anxiety and were unlikely to alter the biometric findings. However, we could not evaluate cognition as a covariate because questionnaire occasions did not include cognitive measures.
Conclusion and Future Directions
In this longitudinal investigation of state anxiety symptoms, we reported that anxiety declined from midlife into the 60s, followed by an increase that leveled off in older ages. The magnitude of average change in anxiety over age was small, but there were tremendous individual differences in the longitudinal course of anxiety in later life. While the amount of total variance in anxiety trajectory was stable, nonshared environmental variance for anxiety peaked for individuals in their late 60s and declined thereafter, whereas genetic variance showed an increase from approximately age 60 onward that became more prominent in the 80s. Placing our findings in the context of lifespan developmental theories on emotional well-being, we proposed that the diminishing role of nonshared environmental factors in the 70s and 80s may be attributable to shrinkage in one's social environment, which has relatively fewer environmental triggers that can systematically alter one's overall anxiety trajectory than in earlier ages. An increase in genetic contributions to anxiety variation in advanced old age can be interpreted with respect to the SOC and SAVI theories. Specifically, biological declines in the "fourth age" may introduce new sources of genetic influence on anxiety via late-onset diseases and physiological changes. Moreover, resources that enable effective coping with anxiety in younger ages become less efficacious and depleted at this time, rendering individuals more vulnerable to any pre-existing genetic predisposition to anxiety.
In light of the accumulating evidence for a decline in emotional well-being (or greater emotional ill-being, such as anxiety and negative affect) in advanced old age, there is a need to identify ways to optimize the quality of life as individuals move toward the end of life. Our findings also call for additional research to determine whether late-onset diseases, such as cardiovascular diseases, may account for the increasing contribution of genetic factors to anxiety in advanced old age.
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